We derive a priori estimates for solutions of Lagrangian mean curvature flows.
Introduction
In this paper, we derive a priori C 2+1,1+ 1 2 estimates for the fully nonlinear parabolic equations
Here, u(x, t) is a scalar function and λ i 's are the eigenvalues of the Hessian D 2 u.
Equation (1) [ f] 1, 1 2 ;Q r (X) = sup
Our main C 
Then we have
The strategy of the proof is similar to that of the elliptic case in [8] , where C 
also depends on time, in turn, Moser's Hölder estimates for divergence parabolic equations would not apply. Our Liouville-type result also provides a quick "PDE" argument for the rigidity of translating solutions to
(1); see the appendix.
When equation (1) is concave, for example, if solutions are convex (available when Θ ≥ (n − 1)π/2), the C 2+α,1+α (then higher order) estimates also follow from the well-known result of Krylov [3] . For the initial data u(x, 0) with restriction
, or equivalently a new initial Hessian with positive lower and upper bounds, the long time existence and a priori estimates for (1) in R n × (0, ∞) were proved by curvature consideration in [1] . In [11] C 2+α,1+α/2 estimates were derived for a family of fully nonlinear uniformly parabolic equations, provided they satisfy a Liouville property.
Liouville Property for Ancient Solutions
In this section, we will prove the following Liouville-type result.
Proposition 2.1. Let u be a smooth solution of (1) 
. When n≥ 4 we also assume that at least one of the following conditions holds:
Then u is a quadratic polynomial
Proof. Differentiating (1) with respect to time, we see that
where g ij is the inverse of (the induced metric) 
Since u(x, t) is continuous and now u t = Θ(0, 0) in Q ∞ , we see that 
Proof of Theorem
By equation (1) 
Define the distance of X ∈ Q 1 to the parabolic boundary of Q 1
We may assume that there exists
We "blow up" u k by setting
with uniformly bounded Hessian
By a space-time interpolation lemma (cf. [4, Lemma 3.1], we see that
From (1), we also get
Using Arzela-Arscoli, we find a subconvergence sequence of v k that converges to a solution v to (1) on Q ∞ . By Schauder theory for parabolic equation (cf. [2, p. 92] ) and boot strapping, we can make the convergence in C 4 norm.
(ii) The translating Lagrangian graph {(x, Du(x, 0)) : x ∈ R n } must be a plane if the bounded Hessian, in the case n≥ 4, also satisfies Θ ≥ (n − 2)π/2 or 
Added in proof
It turns out that Theorem 1.1 is still valid for less smooth C 1+1,0+1 solutions. This is because we can obtain the needed Liouville property Proposition 2.1 for those viscosity solutions to (1) by the Hölder estimates in [5, Theorem 4.8] for Θ = u t , then, for example, rely on the L p estimates in [6, Theorem 4.1] to reach the conclusion as in [11] .
